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:PREFACE'

`

.

In November 1973; the National Aeronautics and Space igministration
'(NASA) asked the National Acakmy of Engineering* o conduct a summer study 4
of future epplitations of space systems, with ptrtiscular emphaiis on practical
dpproaChes, taking into consideration socioeconomic benefits. NASA aslced
that The study also consider how these applications would influence or be,
influencedly the Space Shuttle System; the principal space transportation
system of the 1980's. In December 1973, the Academy agreed )to-perform the
.study,6dassigned the task to_the Spaci Applications Board (SAB).

-In the summers. of 1967 and 1968, the National Academy Jf Sciences had'
'convened'a group.of eminent scientists and engineers to determine what research
and development was necessary to permit the exploitation of useful applications
of earth- oriented satellites. The SAB _concluded that since the NAS study,

,operational weather and dopmunicationS'iatellites and the successful first
'par of use. of the experithental Earth Resources technology Satellite -had
demonstrated conclusively a technological capability that could foSm a founds%
tion for expanding the useful applications of spacevderived informatiOn andr
services, and that it was now necessary to obtain, from a broucross-,sectifon
of potential users, new ideas and needs- that might guide the development of
future space systems for practical applications. .)

After discussions with NASA and other interested federal agencies, it was
agreed that a mater aim of the "summer study" should be to involvf, and tb
attempt to understand the needs of, resource managers and other decision-makers
who had as yet only considered space systems as experimental rather than as
useful elements of major day-to-day operational information and service system.1,.
Under the general direction of the SAB then, a representative grotip of users
and potential users conducted an intensive two -meek study to define user needs
that might be Met by information or.services derived from earth - orbiting satel-
lites. This work was done in Jul >> 1974 at SnoWmass, Colorado.

For the study, pipe user-oriented panels were formed, comprised of present
or potential Public and private users, including businessmen, 'state and local
government officials, resource managers, and other deCision-makers. A.n er

.

*Effective July 1, 1974, the National Academy of Sciences and the National
Academy of Engineering reorganized the National Research Council into eight
assemblies and commissions. All National Academy of Engineering program units,

'including the SAB, became the Assembly of Engineering.

,
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df scientists and technoltgists also parti'cipated,, functionin% essentially

as 'expert consultants. The assigdment made to the panels included' reviewing
progress in space applications since the NAS study of'1968* and defining user
needs potentially capable pf being met by space-system applications.. User
specialilts, drawn from federal, state, ancriocal go.ternments and from business

and were impaneled in .the following fields:,
.

P.

Panel 1:: heather and Climate .

Panel Uses of'CommunicatiOns
Panel' Land Use Planning _F..\

Panel 4: AgriculitureoForest; and Range
Panel' S: ,Inland Water Resourcei

"Panel 6: Extractable Resources
'.,Panel- 7; Envifpnmental Quality

Panel 8: .Marineni4I4aritime Uses
Panel 9: Materrils.ProcesSing in Space

In Addition, to sttedy.the,socioeconomic benefits, the influe nce of tech:-

nlogy, And the i nterface with's.pacePtransportation systems,'tNe following
panels (termed interactive panels) Were convened:'

Panel 10: Institutional Arrangements
Panel 11: CQSts and Benefits
Panel 12: Space Transportation
Panel 13: Information Services and Informa,tion Processing

Panel- 14: Technology

the

a basis for their deliberations, the latter groups used needs expressed

by the user panels. A substantial amount,of interaction with the user panels .

was designed into the study plain and was found to be both desirable and neces-

sary..
The major.;part of the study,was acComplisheAy the panels. The function

of the SAB was to review the work of the panels, to evaluate their findings
and to derive from their work an integrated set of major conclusions and recom-

mendations. The Board's findings, which include certain significant recommen-
dations from the panel reports as well as more general ones arrived at by
considering the work of the study as a whole, are contained in a report pre-

pared by thg Board.**
It should be emphasized thai the study was.not designed to make detailed

assessments of all of the factoisovhich should be cOnsidered,in establishing

priorities. In some cases, for example, options other than space systems
'for accomplishing the Same objectives may need to be assessed; requirements for

*National Reseafth Council. Useful Applications of 'Earth-Oriented Satellites,

Report.ofthe Central Review Ca-mittee. National Academy of Sciences,

Washington,. D.C., 1969.
*-Space ApplucationsBoard, National Research Council. Practical Applications

of Space Systems. National Academy'of Sciences, Washington, D.C., 1975. ,

iv
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institutional or Organizational support may need to be appraised; multiple.
uses of systems may need 'to be evaluated to achieve the most efficient and
economic returns. In some cases, analyses Of costs and benefits will be m
needed. In this connection, 'specific cost:-benefit studies were not conducted

,as a part of the two -week study. Recommendations for certain,5uch analyses,
howeVer, appear in the Board's report, together with recommendations designed
to provide an ipprove8 basis upon which to make cost-treMefit assessments.

'In surr,.the sudyswas designed to provide an opportunity for knowledgeable
and experienced users, expert in, their fields, to express their needs for
information or services which might (or might not). be met by spacetystems.,
and to relate thepresent and potential capabilities of space systems to t
their .needs. The'stuCly did not avtempt to examine in detail the scientific,
techhical,aor economic bases forithe needs expressed by the users.

: 'The SAB was impressed by fhe quality o the panels' work and has asked
that their reports be' made available as supporting Adymeats foY the. Board's
report: '%hile the Board is in general accord with the panel reports, it' .

dOes not necessarily endorse them:in every detail.
The conclusions and recommendations of this,panel report should be co n-

sidered within the context of the report preparqd by the Space Applications
Board..-The views presented in the panel report represent the general consensus
of the panel. Spne individual members of. the panel may not agree with every
conclusion or recommendation-contained in the report.

e I

V

0

C

$

-

'



J , \

fik

PANEL ON' LAND USE PLANNING

.

Jqhn R. Crowley (ChairmaIT)'

Formetly, Chairman, Colorado Land Use Commission
Engleilood, Colorado

41.

John

Federal-State Lard Use Plinning,Commission
Anchprage, Alaska

E. truce MacDougall
Department of Regidnal Planning
Universityof Pennsylvania
Philadelphia; Pennsylvania

s e

_

John Passarello 4.

California Coastal Zone Conservation Commission
San' Francisco, California 41

. ,',
. .

,

..Frederick J. Thomson, .

Environmental Research Institute of tlichigah '
Ann Arbor,'Michigail . ,

9

I.

a

A

, '

6.

4

4%

I

4

I



K.

.

I

ACKNOWLEDGMENT

S.

f'd

7

2

The Panel wishes to express its sincere appreciation to the following per-
sons who made themselves available for tonsultation and who contributed sj.gnifi-
.cantly to 'the work of the Panel.bylproviding background iagormation, briefings,
,and other assistance as needed:'

,Camille Auger 2

The Shale Oil Corporation
Denver, Colorado .

Johann Bodechtel

European Space Research OTganizcion
lnstitutfur Algemeine and Angewandte

.Geologie der Universitat
Munich, Federal Repbblic of Germay

4

'Jonette Crowley
Student Assistant

Englewood', Colorado

.

'John M. DeNoyer

U.S. Geological Survey
Reston, Virginia

Stan Freden
1

Goddard Space Flight Centel-
Niti6nal AeronEttics and Space '
_- Administration' 1 -.

.

,Greenbeft, Maryland %

Obnald C. Holmes

Environmental Protecttion-Agelity
Washington,

ad.

44

)

-

"John Koutgandreas

Environmental Protection Agency,...),
Washington,..D.C.

/ .

Robert Piland
Lyndon B. Johnson Space Center
National Aeronautics and Space

-- Administration
Houston, Texas

. , .

.

John Plevin..

European Space Research Organization
Neuilly'lxiFI.Seine,'Fs'ance ,

4..

John Sos
'Goddard Space Flight Centet
National Aeronatitics,and Space

.

4
'AdmiaistrAtion

Greenbelt, Maryland

<Friedrich.von.Eun
Goddard Space Might Center
National' Space

. Adtinistration
Greenkalt, Maryland

_ -

I

'



. .
1 I 1 ,.- . .

40d' J

CONTENTS,

.. , ...
,

. ,

.

page
I . . a

INTRODUCTION
.. I . ..' ..

- 1 .

Objectives of -Land Use Planning
. , .... 1 ,.

Definition Of Land Use Planning ....../ -

The Planning PzOcess02 . 2

. Participants' iri Land Ube Planning...\\ .. ,.
d

- : PROGRESS' SINCE 1967-68 .. ,- . .

.
,

.

_ .. , II
) '

7' . I

Review of 1968 Study
-: Developthents iri Land Use Planningi . . .. .1

Legislation 4 S

Technology Developments V
r

I i)RDJECTED DEVELOPMENTS IN LAND USE PLANNING . 11

.

2

Anticipated Land Use Legislation - ... "! 11
' Asociated Requirements ... .- '14'
- The Private Sector . , .. t 13

,

Citizen Groups .' , 13
, . .

ANT C PATED- INFORMATION REQUI REMENTS 15

' I . .

User Requirements 116

A 'Pawl' for Identifying) Users Requirementi a 16
' California Case Study 10
Cplcrado Case Study- .. . .' 25

Alaska Case Study' ,
. ... 28

)

ISSUES FOR THE USER CORNUNITY .. . . ., , , 31.

Grid Matching , t
3,1

r.uracy . e 32
ate Catego ies .

3322Map, Projecti ri.'

Requirld Study,, _ -52. i. ..
.

,..../ ..,

\ , I. IA, , ,/

ti

'd '



'

, , . .

Page

". .

, .s . ..
.

RECOMMENDED 'REMOTE SENSING PROGORM . , . ..: . , .. : . -.. .... % .... _s435:'

J

J

CORTENT$ (continued).
.I

.#

9

ChangelDeteciion,(Land Use-and Citical Enviropmental Areas) : : . % 37
.,R0 Phase . . : . . . . :.. 0 . . . e. . '37

Traoitional Phase.. . t 39 -.' 4
Operational Fhas6 , 40

Periodic Inventory of Critical Environmental Areas' 40
.,

Schedule for .Research` and Development of-Periodic Inventory
-Capability .. , 0 42

RU Program ., . . - . .,. . . . . ........ 42-

rhstiAutionaa Arrangedents 0

Transitpnal and perational PhaSes
Land'Capability Invent° .

Critical Factors,

*SPACE SYSTEMS, ,

43

43
,

43

44

. . 0 ! '0(0 0 .4, O h .. .. ... 45

. ERTS Time Frame , . . r !`. 45
EOS Time Frame . . . . . : ... . . ... . - . 45

,

Shuttle Frate . . . I'. 9 . .. ......... 46

'FINDINGS AND IteOMMENDATIONS . . "7.1

/

04.0 OfO

Findings , ..

, 47
,

. Recomden'dations . , -
. %
:. .. .... ,:. . . .,,,/. .. !, .: `: * .. 47 .

; ,' " . ,

,
(APPENDIX:

A Land-Use Classification Sy§tem for Use with Remote:Se4or
9 -- Data .

i .
' . . 51

; ... ,
,

TABLES e, - 6.
.

. ' \
' %

A .e)
.% ( r

Table I Generalized User Remote Sensing Information RequitementS'.. 17'
Table II' Basic InformatiOnR.equirement% for Thirteen California *

%

, ',State Akencies - 20

)
%

'-'

.Table III AhlExadpte of A Land'UselClasSifitation Scheme Z1.

*
. :

,
. ,

. %

FIGURES. .
.

,

-

:1,a
,

Figure I The Trend in Use-of Remotely=Sensed Data for'Lana.Use,
i

.

Planning,by GtographeA and Latid Use.Planners* .

. .
Figure II Typical Remote Sensing System fOr Resources Managetent .. : 36'

, FigUregIII Schedule for Development of Lana,Use Change Detection./
` and Monitoring ..... . ... , . . . .. I ... * . . . 38

. .
.

47.

1

ti

.



Ic

al

I NT.RODU CT I ON

.1 a

/

,

.
OBJECTIVES OF "LANCUE PLANNING

\ . .

Tbeyanel qp Land UsesPlanning was comAised of persons who hive been
-involved in remote sensing,_ processing of)he 4ata acquired, and actual uiiliza-
*tion in the fiela'of remotely sensed informAion. Thus,.the group was multi:
disciplinary in terms of the_technolOgy involved, the application of such
.technology, and the perception of the future utilization of remote sensing in '
land use-planning.

40"
a

.1.1X. The approaeh included interaction withthe advisory resource personsthe
technology team, the interactive panels, and representatives of the National.'
-Aeronautics and/Space.Administration (NASA), the U.S. GioIogicai Surveir.(US§8),
Vi EnvironmentalProtection Agency .(EPA), and the European Space Research

. --,.,.,

i-Organizaticin (ESRO) -who.were present at the study. fhe firit phase of the study

.evaluated idgeo.,apblications, and future opportunities. The second phasedsola-
), .

.

teckthose areas, in which fusthOr information and definition were' required. In' .-

the third phase,.psr requirements were developed in accordance with the Space '...,

Applications Board'splan for the Summer Study and findings and recommendations
gpdwere forpul4ted as a basis for furthiscusslOn and development hy'the Space

licatldnk Board, ,-
-,

_ ;- _ __ .._
The objectives -6f, the Panel sere-to:

Define the land
I

ise planning discipline,

maiion'obtained by remote sensing,

.. o

Define the current state -of- the -art as it may make use of infor-

. f
Presenta5- to 15-year scenario/for the impact of remoti.sensing
from air and space platforms on land use planning, and

_Identify critictl factors in
.

the applications of remotely sensed'

.
.

'dAta to' land use planning. ..
4% -

W ts
. .. ,

The Pahel conducted,its deliberatlo from the viewpoint of operational'
.

'users at the local, regional, state,. federal level$4. The Panel believes
'this differs from that of previous studies i1 which the definition oi user needs
was apparently based primarily on outputs from prinCial investigAtors drawfi
from the research and development community.

,

1
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'Contained in the report are the Panel's views.on progress since the study
of practical uses Of space systemscOnducted by the National Academy of Sciences
in.1967768, the utility of remote sensing, user requirements, users' educational
needs, a retiew of technical requirements, some informition on costs and benefits,
and summaries of cagestudies of three states -- Colorado, California, and Alaska.

DEFINITION OF LAD USE PLANNING .

Land use planning is defined 4s plannihg for the allocation 'Of activities
to land areas in order tO benefit humans. The disciplinecOnvolves three'sets
of tasks as fellovi;

.

.

. Forecasting,recluirements or demands.for goods and seYvices,

Estimating tht supply of land available to. produce these goods
and seryices (in terms of amount, location,, quality, suitability,

- origapabi/ity),'and .
th,

.

Evaluatinak implem enting, and monitoring alternative management
and contr61 strategies.

Land use planning deaApWith'all 'possible uses, ificluding urbah.4residential,

0 come cial, industrial, institutionalLtransportation, agriculture, forestry,
tni , and outdoor recreation. 'ThePahel on Land Use Planning has attempted,-in
pieo report, to adopt as broad.a,view as possible of the land use plan-

.

nineprocess.'
All three of the tasks fiited above have`subitantial information require-

cents which may be satigfieremote sensing.. For-example, information deriyed
fromivacte sensors is potentially use#ul.in the first.task a a to calibrate
models ortdh foiecast growth pattern by,extrapoiation. In th third task area; v

plan- miig-;.deciffions.whi4lehave:spatial Csucii as seSsing4the impact,.

of',Urbanizatio/Nn Racal eniireamentxt areas) are easily monitored by

. tflilerconV''entiongiipTg :Livetiggrets for the Earth *

esourcaiteChnclogy Satellite .tb-1, since renamed LAN0AT-i) have demonstrated

"' this capability: however, tbe most sigdificant potential contribution of remote
sensing will be in:thesecond task area We believe that the .principal element.

in future 'land use planning wi be eiraluation of the available land resources.

This task is particularly difficult because current information-gathering tech-
niques result in incomplete coverage, inappropriat scale, poor reliability, or'
untimeliness (because of inherent lags in the info ation-gathering process).

4 Remotely sensed inforthatiqn may provide significant a ntation of more conven-

tional metho*cg.

SITE PLANNING PROCESS

The methods by which planning ,decisions should tge made involves the follow-
.

ing steps: t

s.
Defi ition of the'problem

14
2



Acquisition of data relevant to the problem

'-. Establishment of goals and policies

Implementation of a specific an of acti on

.Evaluation and monitoring of progress through the plan toward
the goals.

The Panel believes that the proble4 of acquiring releven t data is currently
the ;Amiting factor in land use planning. 'In .the experience of the Panel members,
the afficblties in acquiring adequate data are such that the succeeding steps in
the land planning process (establishment of goals and policies,and implementiori
bf specific plans ofactio0) are often based on imperfect information, and the
final step'(evaluation and monitoring of progress toward the goals) is done
only superficially. A supply of remotely sensed imagery may reduce the amount
of effort devoted to data acquisition and allow more resources to be applied and
rational decisions' made in the latet stages in the planning process.

A flow of remotely sensed imagery might also help to pace the planning pro-
cess, since problem identification can be established as a responsibility of the
planning agency eo be carried out one regular basis as remotely sensed data are
received.

PARTICIPANTS IN LAND USE PLANNING"

The participants in land use planning (and, therefore, the potential users
of remote sensing-derived information) are as follows:

Entrepreneurs (individual and corporate)

Elected and al51-crpinted officials

Citizen groups

ZrOfessional planners in private and public service

Edusators'(through their training of planners)

Researchers (through their study of planning techniques).

k)st'of these participants regularly use images from aerial photography.,
Some individuals in the, last thre roups are familiar with ilultispectral scan-

. riing (MSS) and the characteristics space images. Professional' planners, par-
ticularly at the federal and State lev ls, are becoming increasingly interested
in the data. College teachers of geo raphy, geology, ecoldgy, forestry, natu-
ral resources, conversation, and sirilar subjects studied by planning students

are increasingly incorporating discussions of remotely sensed imagery into their
presentations. At the graduate level, however, planning curricula tend' to be
based on the'social sciences, and remote sensing and space imagery-are little

3
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used or understood. The land use planning research commtinity is not a homogene-
ous group but is scattered throughout teveral disciplines. To date, it is
geographers who have been primarily interested in studying the poOntial appli-
cations of remote sensing and space imakery in land use planning.

I
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PRQGRESS SINCE 1967-68

Since,the summer study on space applications in '1968, there have been many
developments which are important to land use planning. The number of problems has
increased, importalgot federal and state laws have been passed, and the technology
of data collection and processing !vs advanced. This section presents and.dis-.

cusses these-developments.

REVIEW OF 1968 STUDY

J

The repOrt of the Forestry-Agriculture-Geography Panel* of the 1968 summer
study was reviewed to assess the adequacy of the study recommenditions for .-

meeting present and future needs, and the ,nature 'and extent of government, inlus-
try, and :trier response to study recommendations:

. . .1
.

. 'The 1968 report recommended two programsf one short-range program,.Global
Land Use (GLU), and one long-range program, System for Earth Resources Information
(SERI). Both used data from a polar orbiting spacecraft. GLU was intended to
be a 4-year program and SERI an opei14ionaltprogram after a 12-year development
effort. ..4 '

. 4 '
414U was intended as a global collection and dissemination system for-land

use information.. the 1968 study panel postulated a data collection system; with
a synoptic view and output capable of photointerpretation as well as computer
processing. The collection system was to bq modest to facilitate its, acceptance
and to encourage development of favorable international po'icy and thus pave the
way for more complicated systems to follow. .

.

4,-SERI was conceived as a considrably more complickted system.. employing GLU
as well as other data sources and concentrating on providing data for agriculture,
forestry. and land use planning. The structurenceived forSERI is very similar
to .that,of infOrmation systems'tfiat employ re ote sensing input today.

In the context of the situation today, the 1968 program recommendations need
review because:

I

*National Research Council. Veefui Apptications of EmIth-Orionted Satellites:
Report of the Panel on Forestry-AgriculturenGeognzphy, (Panel 1). National
Academy of Sciences, Washington, D.C., 1969, p. 4.

S
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The development of the land use planning function at the state
level has increased rapidly.(driven mainly by state and some
federal legislation);

Public awareness of environmental quality and land use issues
has increased nationwide so that'the information requirements/
for land use planning have become more detailed than they were
at the time of the 1968 study; :

It may be difficult for fdreign countries to accept international
land use information programs of tbg complexity Of SERI-fo
several reasons -- perhaps mainly because'oZ fear of expl tation
by outside interests more able to yse the land resource diata than
the country surveyed; and .

/
Increasing emphasis an.estim4fles,:of benefits 4>1.c ieve yn domestic
applicAtion's to justify further space pro4ram expendiyures may
force concentration of worg:on domestic applications/in order to

7 NN. more precisely define thetcost-beneftt picture.

DEVELOPMENTS IN LAND USE PLANNING

r In 196Sk planning'has primarily concerned with the interilal organization of
cities.(particularly for redevelopment) and'the provisionof'tegional services
such as transportation. .While these are still central tasks, there have been
added a strqng concern fot the environmental consequences of growth 'a:tit-a-spread

in responsibility and interest to the kick or neighborhood level and to the state
apd federal level. No corresponding change has occurred in the use of remote

panel was primarily devoted to.land use planning. This activity was covered by

sensing data in land use'planning during this period'. In the 1968 study, no,

the Forestry7Agriculture-Geoplaphy'Panel. Little information on,land use planning
has appear in published reports or research done in the applications of remote
sensing since then. However, considerable work has been done by investigators
in the discipline of,geograllhy on such topics as land use napping --,which is
potentially useful in planning. Land use planners have remained, in effect,iin
the research and development phase, in which disciplinary research is done to
provide the basis for an operational mode yet to tome. This situation is illus-
trated by Figure I, which also suggests the possible future trend.

In Figure I, the size of thecremote sensing %circle is intended to portray
what we feel was; is, and will be the size of the national remote sensing effort.
The changing position and overlap of the remote sensing circle with the geographers'

and land use planners' circles is intended to portray the relative impact of remote
sensing on the activities of these two groups of _people. It also indicates the
Change of the remote sensing effort from research and development (impact on
geographers) to operational (f'mpact on land use planners). We do not mean to
imply, by the portions of the remote sensing circles overlapping the geographers'
and land use, planners' circles, a suggested size of the land uselManning effort

within the national remote sensing program.

6
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LEGISLATION

Significant legislation has been passed and proposed in the land use.and
associated environmental fields since 1968. One effect on the land use planning
discipline has been a need for a moire competerinventory and analysis of resources
and uses. Another is the need for coordination of all land use associated-activi-
ties on astate, regional, and local basis, and closer control and monitoring of
all uses in both urban and reral areas.

Some of the land use legislation that has been enacted since,1968 follows:

Year Legislation

1969 National Environmental Policy Act (NEPA); 'Oregon Land use
Planning Act SB-1

4

197'0 California Environmental Quality Act; Maryland wetlands Act;
Michigan Shorelands Protection and Management Act; California

'state Planning Act AB-2070

4

1971 Vermont Act 25 -; Delaware Coastal-Zone Act; Alaska Native
Claims Settlement Act; State of.Alaska'Land Use Planning
Coordination Act

r

1972 California Coastal Zone Conservation Act;Tederal Coasilal Zone
Management Act (Public Law 92-583);:-Delawar Beach Preservation
Act; Florida Environmental and Water Management Act.: New Jersey
Wetlands Act; Pennsylvania Constitutional Aulndment;'Florida
State Codprehensive Planning Act

1973 Colorado Land Planning and Polity Act; Delawar 'etlands Act;

WiOington State Planning Act

1,974,.. Maryland State Land Use Act 744:

addition, ere have been executive orders ane local ordinances which

have r stricte and -use and established higher standards for air and water
quality.

The version of the National Land Use Policy and Planning Assistance legisla-
tion introducei-by Snator Henry Jackson* was passed by the Senate. However,
the yersion of this bill brought before theHotthe of Representatives by_,COngressman
Morris Udall was not reported out of Committee. This bill would have encourage"'

all states to become involved in land use planning. The Jtmkson legislation
proposed, that the federal government (through the Depaitment of the rhterior)
would appropriate to the states $982 million over aneight-year period to assist
in the planning process. A similar bill is likely to be introduced in the next
session of Congress; However, as may be seet from the chronology of legislation,

it

*U.S. Senate, Bill No. S.268, 1973.

AN/
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I.

many states have moved forward on their own: Currently, most federal funds.
for state planning come from the Department f Housing and Urbari Development.

TECHNOLOGY DEVELOPMENTS

The technology of remote sensing as it applies to land use planning has
developed coneiderdbly during the last six years. Three achievements are most
significant: the perfection of high altitude aircraft photography and the
development of satellite sensors, the succeSsful'demonstration of all-digital
image rectification techniques, and the development of machinespectral.pattern
recognition processing.

-Since 1968, dap..from aircraft -borne sensors have begun to be used to
identify current lama resource patterns and,to:describe changes. While the use
of high altitude photography has penetrated' tb.regional and county.governments
in some areas, the use .of aircraft data for complexe and,detailed
land resource surveys'at the state-wide leyel Viiis impracticaT for all 1)14 a
few states because of the enormous amount of tlay.Kwhich must be Collected and
analyzed. One of the principal uses satellite=derived data may be to solve
this problem by deciding which areas in a state really need. detailed coverage.
by aircraft. ERTS data in both-image and computer- compatible -tape 'form are
being analyzed to determine land resource information for states and large remote
areas. The potential for improving recognition of land resources from the ERTS
repetitive coverage to obtain multi-temporal scene data is being investigated but
work has only just begun. Finally, ERTS data for several states (e.g., Florida,.
Wyoming, California, Michigan, arethe Eastern Seaboard from New York a the
District of Columbia) haye been assembled into mosaics to portray regional views
of terrain. These mosaics-have been used to educate prospective users on the
advantages of ERTS coverage and the potential that exists for large-area land use
mapping using ERTS data.- This potential is beginning to be exploited now by the
U.S. Geological Survey, using data from ERTS and other satellites, in cooperative
programs with states.

Techniques for machine processing to map land use categories are being
developed, but need further refinement, testing,-and documentation before they
can become an operational tool. The advantage of machine processing -- and it
is an important advantage -- lies in the fact, that thp data are processed in
digital form with increased radiometric fidelity and-possibility of easy direct
entry into computer data bases.

A land use classification system developed by the U.S. Geological Survey*
identifies four classification levels, as follows:

Level I. Satellite imagery, with little supplement* information

Level II High-altitude aircraft and satellite imagery combined
with topographic maps

Si

rAnderson, James R., Hardy, Ernest E., and Roach, John T.: .A Land-Use Classifica-
tion System for U'e With Remote Sensor Data.,..U.6. Geological Survey Circulat 01,
U.S. Department o .the Interior, 1972.



Level III

,

a.

14
Medium-A titudehircraft 1.emote sensing (1:20,000) combine
with detailed tspbgraphic maps and substantial amounts gf
supplemental information

Level IV - Low-altitude aircraft imagery with Most of the information
derived from supplemental sources.

A more complete descrip4bn of these classifiCation levels is given in the
Appendix.
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PROJECTED DEVELOPM TS IN LAND USE t"LANNIG
.

4

The Panelexpects activit
increased in the next lOrt'o 15
present and expected legislati
activities.of citizen groups

Tht.e Panel expects two kin of land use legislation-to be proposed and
passed:ix-tithe next 15 years. Vrst,'Congress will eventually, if not in itp
next session, pass national lan use pranning legitlation, and,mdy very well fol--

, low this'With additional measur s which further'define national values.forland,'"
re$ources. This legislation ma well have an effect of the same magnitude as
the National Environmental Prot ction Act. Second, the states are expected to
continue to pass planning and c ideal environmental' area legislation that is
appropriate to their particular land fuse problems and to their x-?atural environ-
ment. It is very possible that his state legislation. will have a more siknifi- .

cant effect on land use inAlome arts of 'the country than 'national legislation,
This will be true particurilly ih states with fragile ecosystems and attractive
land resources. 'California,*Colorado, Vermont,..Delaware, and other states for
example,have already passed acts which have more stringent requirements than .

are likely tcybe considered in federal legislation..
'1/4

The Panel expects that'local ordinances and international'agreements.wilil
hp.ve considerably less influence on land use planning than statc*and national r
legislation. However, the current international crises of food and energy shprt-
ages could shift .priorities in this nation and influence new state and national
legislation.

v

es in land use-pnning to e considerably
ye ars, as a result of requirements eecified by
n at the federal and state levels and by increased
d other elements of the private sector.

AliTICIP TED LAND, USE LEGISLATION t

1

ASSOCIATED REQUIREMENTS

i* Legislative programs, both existing and proposed; will establish require-
ments similar to the environmental impact statements for major federal projects
and legislative proposals required by the National Environmental Protection
Att. This Act has required that literally thousands of statements be filed,
that meetings be held, that hearings be conducted, and that reports be written
and published. The benefits have been many -- in the form of better and

2 3
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environmentally sod projects; beV tter
i

s'

federal-state,eand local projects; and

-k.- 0 life.
...

. .
-,_ -

The Coastal Zone, Management Act7of-T972 is anther example* a fedel'al law'
ich imposes equirements is lapd use planning. This Act allows for federal

. . grants on a two-thirds cast- sharing basis for the states to develop coastal zOie'.,

management programs. AnnUal grants are allowed in each, bf thred"sueceeding years
',for developing the management program. After,:the malitagemen5 program has been

\, ,

) -hiprox;ed by the Secretary of Commerce and adoPted by the state%the Act allows for
federal funding of two - 'thirds of the total.cosi of implementation. The Act ,

k - reTiires public hearings andbogordination with federal, state, regionS1 and loyal
gov4rnments. The Act also requires.the establishment of state regulations- for
ZgVand managemenitor boihcland and water resources, and provides for state

coordinatianiaetween 400derlfederal,
toward a.generalimprovement in the quality

..per- to enforce these rides and,regulationst The effects of requirements
.

.

established )nder this Act, are manifold in the iand.use planning in each of the
thirty coastal-zone states. Many coastal wetlands of the type' found along the.
Elst Coast andin other parts of the country are large enough and of such a nature
that aeful *formation about these areas can be paoyided by remote sensing r-
techniques, particularly multispectral analysis. the unifort flatness of marsh,
topography eliminates variations in reflectance due to sloping surfaces anA .

shadows. The most common marsh plant. species are few .4.n number so thatphoto-Di

lr
`erpretation is simplified. Environmental changes, Whether natural or ran-made,
nerally.take place over large horizontal distances in the marsh: Zones,of

relatively uniform vegetation or land use are therefore usually large enough to
be discernible in current low-resolution satellite imagery. The major plant : ,

Species, in particular, are different enough intheir morphologies to haile 4itinct
reflectance characteristics. This facilitates the useof multispectral: imagery,
to make detailed wetland's maps "showing vegetatipn growth patterns hiCh are' related

to local environmental factors; As a result, automated digital to piques have
been successfully used to prepare from ERTS-1 digital tapes, precis'on map over-
lays showing at least 12 categories of coastal land use.and vegetation with inter-
pretation accuracies of-6ver 90 percent for all categories mapped.

Land Use Coplissions have been established by Jaws and executive orders in
Colorado, Alaska, Hawaii, Vermont and other states. One of the first charges of
each Commission has been,to provide a basic inventory and analysis of all resources

and uses from existing data. Such analyses could and probably should be made with
the.most sophisticated remotely sensed data available today.

. . The proposed National Land Use Policy.and Planning Assistance Act (S,268)
mentioned earlier would have provided encouragement aswelI as financial and
technical assistance to states.for land use planning., `regulation and coordination

Of the use of federal and non-federal lands. Accor4ing to the Act the states
would establish within three"years,'h land use planning process, a planning
agendy, an advisory council, an inyentory_and analysis of resources, and a pro-

ram to regulate land development projects. Within aye years., the states would

adopt a land use program which included methods for exercising control over
critical envirOnmental areas, key facilities, large-scale developments and new.

.'communities; establish 4 proce'dpre, for review.of 16cal,regulations to protect

. the larger interests ofthe state and the public; and provide a method,for con- .

sistently relating state and local programs with state land use prograMs.

`12
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.

THE PR/VATE SECTOR' .

The Panel believes that the gap between the potential use.of remote/sensing
4

data and its application is of. an order of magnitude greater in the private
sector than in the public sector. As,the scale Of planning for new urba4h develop-
ments increas-es and-as the citizen-consumer becoies increasingly aware of the,
importance of planning to optimize the use..of land, the private sector will a

become more and more desirous of using,' remotely sensed data. Regional user
centers, if they existed, ciuld'encourage and facilitate broad 4p'plication of
Tach information by the private sector. The Panel believes tht in the future,
-awareness-cif the capabilities-of remote sensing and useof remotely-sensed data
by the private land development sector will more closely follow the trend in the
public sector. Ibis is expected because of.the incredging.ibteraction between
private and public planners. 6

Land use planning is also becoming an accepted area of corporate' eSponsibil-
ity. Some corporatiols ,-.-XeioX and IBM for example -- have for sometime plan-,
ned for thesettlement of their employees in suchra.wwasito minimize enyilron-
mental disturbances associated withAnew.plant sites.' More rece tly, heavy
industrial developers have become aware of 'the need fot land use planning.

The Panel expects citizen
Conservation Found4tion, the Si.

TIZ.,EN GROUPS

. , 4\
oups at the national level -- such as:the .-.

rrA Club, the Afidubon Society;,the-National ,%-

Wildlife Federation, the Wilde ess Socieiy,.andthe Environmental Defense Fund-
-- to maintain and.possibly i ease their lobbying and edfiimtiona1 itfolttp.

.
.

Even make significant changes will occur at the local level as groups which are
either affiliates ofnationa organizations or organized o. an ad hoc basis

1become increasingly involve
of these groups will recogn
late alternative goals and

/

in the planning process. We anticipate that some
ze planning problems, quire information,. and,formu-s A.

plicies independent) of existing planning agencies.

I
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IC I PATED I NOORMAT I Ott \REQUI:12KNTS
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1444te:

**Ct

As-remotery.seRed data becomes indre ly used'in land use planning, data
centers will n ed to'be provided for distributing information: In'determining a

),

data center Sze, and in making deiFisions.about the adyantage of regional 5enters
as opposed t one central. facility, the demands of the user for the'veriOUs t es
of products, rdm the system,mutt be'assessed. The parameters of interest include
the volume and type of.data products required; the number of times per year the
information ,gust be updated; the 'format of the data product; the timeliness of
d ivery;,the grid slie of,the information (as contrasted with the sensor xesolu-
ti element size)J'and some statement of the complexity of information required
and the uniformity rof information classescrier large areas. A final parameter is
the accuracy of informaeion. :-Ideally, these parameters would be.listedfor the

research and diveloiment, transitional mad operational phases of the program.
The,,vslumg o data _required can be most easily specified by the user in .

ale Urea covore-4if:...Sinco_date_in various :formats are -

fe 4fid:Oieis may want cliffifterit stages of.procati?, format definition
beebfdkeifilito three parts: the type otpdita olo.A.IR.composite

'Wages);, fhe kdnrof processing done to the data; and the deliOry medidm (e.g.,,
6 tranSparency, computer-compatible tape). For film products, the scare

. should, be specified. TimelinesS LS- delivery is the acceptable tithe between the
ocurren<e df the event and the'delivery of the productto the user. It includes

the time Spent acquiring, processing, And disseminating data. The grid site of .

information-is a specification..of Clow .the user wants his information quantized.
It affeets,Sensor resolutions only in that they must be less 'than or equal to

- the grid ,size: The classes of information.rqquired and.thia uniformity of those
' classes:over large area are specification& relating to the extractivesprocesing.
portion of the system. They'determine the design of pattern - recognition devices,
as does the required in9rmation accuracy.

At the present state of development of land use planning,, requirements
. 6, cannon be precisely identified for all users. In, addition, this Ievel,of detail

is beyond the scope of-a two7week study. Thus, the Panel has chosen ts5 describe
user requirements qua itatively, to establish a scenario for the more ,preCise
identification of eir requirements, and to present user case studies from .

.three states?to convey some understanding of user requirements.;

15
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USER REQUIREMENTS

.

Depending on whether the user is concerned with regional, local, or state
4 level, the type and complexities, quantity, and grid size of information which

he requires from the remote sensing and processing system will vary. Users
will also require products at different stages of processing. For purposes of
.discussion, users are.subdivided:here into five groups: 1.9.cal, regional, state,
fede1, and international.

In general terms, as one proceeds from lbcal to international users, the
quantity of data needed increases, the areal. coverage increases, the grid size

increases, the number of classe's.(in attern recognition outputs), tends to
decrease, and the classes tend tb be more homogeneouS over large,areas. Time- .

liRess may be unaffected, sincp it is tied closely to the information update
cycle which in turn s tied to the Change rate of the land usp phenomena. Some
regional,users of teMote sensing data (EPA, for example) may req4ire very short
'delivery schedules of processed data for enforcement of pollution laws. The
general situation is'summarized in Table I. .

In Table I, a summary of,,user requirements, it may be seen that the required
area coverage by individual users decreases .as one moves from the ational to
the local scale. At the state level, the total area requirempn s for land areas
plus the offshore coastal zone or outer continental shelf. e total areas'_
associated with regionalsites.probably add up to about 10 percent of the total
U.S..../and area. Central business districts, where-l-Meter resolution is required,

. total about 1 percent of the U.S. land area. The,total quantity of 1-meter
resolution data (in terms of picture elements*) Needed for.a given area is
100 times greater than the quantity of 104Meter resolution data. There is also

100 times more.10-metei resolution data (in picture elements) than 100-metel-
tesolution,data. .

Most users require geometric correction to map'bases. The accuracy of
the correction required is still a matter for debate by users and is more fully
'discussed in a later section of this report. The accuracy of the correction to

map base for the 100 -meter data should be within a fraction of a picture element.
A, preliminary definition, subject to future tevisidn by users, is that corrections

should be made.with an:accuracy of a fraction of the next largest grid 4ze.
Thus, 10-meter grid-size data 'should be registered within, say, 30 meters of true

map grid, and the 1-meter data should be4registered within, say, 3 meters of the

true map grid.

11

' A PLAN FOR IDENTIFYING USER REQUIREMENTS

'In an earlier section of thii report (p: 3); six claises of participants

in planning were identified as having information requirements which may be
satisfied by a remote sensing system. The order of these participants in terms

of estimated relat 'lve.to costs is asfoow
.

f i d b fi lI t i .11s: 7--.

4

ir

*A picture element,(pixel) is the smallest discernibXe element of information in
a remotely-sensed.image.of the surface of the eattb. 4.
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Professional planners

Elected and appointed
aocal)

Entrepreneurs

.rd.i.tizien groups

Educators anti ,

Researchers.

in public and private service

officialsi(state, federar, regional, and

vr

Eventual operational usertrieeds, transitional system needs, and research and
development needs should lie identified for all users.

Reseprchers and elected and appointed officials at the federal level should
be more involved,vith user programs from the beginning -- initially to define
the problem and'pctentidl solutions, and later to define system-operation parame-
ters. For example, researchers and elected officials working with users should
first define what typds of information are required and in what formats. Whether
the required information can be obtainegi at all and the level of accuracy at
which it can be obtained should be typical of early program concerns.

In the transitional phase, more users become involved, and considerations,
of required accuracy, timeliness: of delivery, updated cycle, and grid size be-
come important. Costs of providing services are also of concern in this phase.
More groups need to be involyed here, working toward the ultimate goal of use
of system information by all groups.

In fact, all groups will prOably 'use the transitional phase remote sensing
system to some degree, depending oltheir needs and the cost to them of using
TO the extent that the degree of use by a given user can be predicted early in
the transitional phase, his operational requirements should be considered
the operational sys,tem design.

At present, system needs in the R&D phase seem well identified by the
researcher lusualky a geographer) working to some extent with the ultimate users.
Transitional progib.ms have only just begun, but the Panel believes *at nearly
all ultimate user needs should be considered before designing transitional
system (what may be referred to as an "applications system verification test").
In land use planning, the Panel feels that user needs can be established to the

'degree required by the following procedures:
a

Stratify the country'ountry into uniform physiographic.regiops.

Within each region, survey by personal visit, questionnaire, -

or other contact, samples of all potential users, soli-citing
the information fisted in the earlier section entitled "User
Requirements," for both transitional and operational systems.
(The surveys proposed in a later section entitled."Required
Study" may be incorporated with this information.)
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Concurrently with an assessment of these user needs, NASA should
assess the short- and long-range abilities of the various users to
assimilate and use the remotely-sense4 information and the factors
which might inhibit their use of the information.

Design the transitional system to serve as many of the potential '

users as possible and take steps to encourage their participation
and evacuation within each physiographic region.

The inclu.ion of state, regional, and local government, as well as private
sector users at the transitional stage is important, and their needs sffould be .

considered.

Requirements for an operational system must,be addressed before the transi-
tional system is designed so.that it can be structured to answw all the user's
questions about the utility and cost of, information -- questions that are of
obvious concern. But quality control) the provision of auxiliary products, user
education, and provision to the user of limited ability to chef the information ,
himself are additional factors that will affect the design and cost of an opera-
tional system. The degree towhich the user can participate in'technical tasks
such as data processing and pattern-recognition processing should be..4sses15-ed.

The Panel believes,that involving ultimate users early in the conducv'of
research leading to operational applications of remote sensing systems 411
enhance user acceptance of)the information once it becomes available. Cbnsider-t%
able education of potential users wilrbe required and should be:provided fbi:st
the transitional stage of the program. -

o

CALIFORNI*'CASE STUDy.

1The land use prpgram in the Stfte of California, is discussed here as a case'
study because there exists extensive documentation of activities', (present or pro-
posed) at the state level of government. In addition, California is representa-
tive of a heavily populated area, and provides opportunitydforAbbservation of a
variety of land uses. The Panel believes that the California experience repre-
sents one of thelbest available examples of extensive utilization of land-use.
classification and of an accompanying expressed user demand fof remotely sensed

. information.
, Citizen interest,, strong legislation such as the California Coastal Zone

ConserAtion Act of 1972, and the Governor's "Environmental Goals and Folicy
Report" of June 1973 all helped to stimulate a strong mapping and docubenta-

tion effort throughout the state. _Mapping programs at scales of 1:24,000 and
1:62,500 have been undertaken to identify areas of critical. concern. Thirteen

.state'agencies are involvea in projects whiCh.eiiher use or prOPoge to use remote
sensing. The basic information requirements of these 13 state agencies are .

summarized in Table II.

In order to implement the requirements of these 13 agencies in the land use
planning process thre has been proposed a California Land Use Classification
Program which includes 23 major classifications'with 162 subcategories, as
shown on Table III.

1
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AGENCY

Department of Food-and Agriculture

Department of Ka r Resources

Department of
Division of

Department of
Division of

Conservation,
Forestry

Consenat:on7
vanes and GeolOgy

Department of Fish and Game

Department of Parkb and

Recreation

Department of Transportation.
Division of Highways

Department of Navigation and

Ocean Development

State Land cpm74ssio^,.
State Lands Division.

Department or Public Health

Air Resources Foard

)Kate Resources Control Board/ .

.Office of.Emergency Services

10

REMTE SENSING APPLICATION

Differentiate between major classes of land "se, major crop
types, and individual crops, evaluate crop daNage.

Identify and rap various - features related to water resource
development and management, including land use, evaluation of
inter-relationship betbeen water and agriculture, and urban

and native lards.

Identify and map type and distribution of vegetation, fuel
condition classes, timber site,classes,.and envaronmental hazards.

Map soil and geology, analyze geomorphology and tectonic relation-
ships, including faults, zap %egetation as an indicator of parent

'materials.

Monitor seasonal changes in wetlands, inventory wild animals,
waterfowl, and marine -am-tal habitats and/pigrations.

Prepare landscape province analysis, with emphasis on wildland
vegetation mapping to determine recreation site potential.

Evaluate land use and geologic factors related to transportation
planning and design, evaluate environEental irpact of highway
coystrurtion.

Evaluate near share current patterns, littoral transport, shore-
line erosion, estuarine exchange, river discharges and sediments,

and tidal flushing actions.

kap watt:- line dela:cation, idctify underwater features; detect
oil spills; rap laq use.

Inventory flooded and wetlands for posquito abatement planning;
identify waste discharges.

TABLE II 13A$IC INTAMAT

Detect pollutant concentrations and evaluate their spatial dis-

tribution and movement.

Detect, identify, and monitor non-point source pollution problems
relating to agriculture and urban land use, salt accumulations,
erosion, siltation, pesticide residues, and bacterial contamination.

_Assess damage and develop a pre-disaster data base; land use and

site classification.

WRENENTS FOR THIRTEEN CALIFORNIA STATE AGENCIES

MO
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CASE STUDY

4*

do Land-Use Commission (December, 1973)** .

er requirement than the California case study.
ly into land use classifications and specific
spective of a state land use managemeAt pro-
d information system for its successful opera-
resource inventories were available in

s and pipelines

anddistribtition systems

0

*1973 Annual Report, California Coastal Zone Conservation Commission, San
Francisco, California, 1974, pp. 5 -6.

**Available from the Colorado Land-Use Commission, 1550 Lincoln Street, Denver,
Colorado 80203.
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Selected mineral lode resources

Potential available groundwater

Snow depth

Water service areas

Potential for irrigated agriculture

Potential for non-irrigated agriculture.

Sediment yield

Soil shrink/swell potential.

The maps and inventories were prepared by utilizing stan4ard cartographic tech-
niques based on existing data sets, low-altitude aerial photography furnished by
others; as well as by specific field investigatifts. Significant contributions
were made to the mapping process by many federal, state, and local agencies, and
innovative formatting techniques were utilized'to a large extent. The upe of
remote sensing was considered but was discarded because of the practical problems
of matching ERTS imagery with existing base maps.

For furtherance of land use legislation enacted by the General Assembly of
Colorado, for the past three years the Coloradp Land Use Commission has been
building a program designed to piovide a framewOrk and a process by which the
state and its political subdivisions can guide future development. As in
California, emphasis in Colorado is on decisions based on data rather than on
data alone. As the Commission sees it, its recommended land use program:

Emphasizes the local and regional levels of government as the
primary decision-makers on local questions of land use;

Focuses on enhancing the quality of life, not
ing the quantity of growth;and

Pr)vides a flexible framework and process for
not just a traditional mapping and inventory p

just on restrain-

guiding growth,
lan.

Given the diversity of regional needs, the Commission had to formulate a
set of goals for the state, reflecting regional diversity yet providing a focus
for a statewide land-use policy. The Commission first formulated broad goals,
animihen outlined targets (what ought to be done,,where, and by when) and policies
(who ought to do what, and how). Next came the consideration andadoption of N

:program elements (the tools for carrying out the policies), and finally the
development of an organizational structure andl set of short- and long-term
strategies. The Commission adopted goals for four major areas related to land
use -- environment, economic development and population, natural resources, and

related social concerns.
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Those goals, seemingly'relevant to information needsto which remote sensing
.might contribute,4are listed below:

c

ContKol development to conserve natural environmental amenities,
including air and water.

. Control development in hazardous or environmentally fragile areas.

Initiate measures to inhibit land uses which, result in the unneces-
sary conversion of prime agricultural' land.

Establish* a state forest policy.

Encourage effective and rational use of the state's water
resources.

. Provide for explicit analysis of social implications and impacts
oQ public or major private land use decisions, as in provision
of and acpess to health, educational, recreational, housing, and.
employment opportunity.

In addition, the following policy themes which guid6 the development of pro-
grams appear relevant to the characteristics required of the information collec-

-4-tion and distributiOnssystem:

Regionalism constitutes the base for land use program planning,.
and control. Within, five regions, complementary land use planning
activities are carried put by planning and management Aistricts
and county and local governmen6.

Monitoring and control of new development projects is a basic
program element of the land use program.

The continuing qmprehensive planning procet (rather than a
static master p147 is the key to an effective and workable
land use program.

Broad citizen awareness, involvement, and support are sought at
all levels of the systet.

r

Land'Use progrim capability is developed at the local and
regional levels. .

.

tv
In examining this case study the following facts became apparent to the

Panel:

Colorado's mapping program and resource invento4y did not
make use of data obtained by remote sensing from space even

though.the program was accomplished during the period when
data were, being provided by ERTS-1. This decision was reached

.\

1

27

:J Cj



because of, practical problemS in matching ERTS imagery with,
existing state bas4 maps. This subject willtbe dealt with lh er
when the matter of map projection is taken up.

Colorado's land use mlagement program re- emphasizes the need
for continued monitoring, identification, evaluation, and:oth
data programs whidh are not now being provided in any substantial

- way by space-baSed remote sensing systems.,.Improyements are
needed in ERTS map matching capability. .

The emphasis on land use program capability at the lowest lett

of government in the state undeisooros the need for a.distribur
tion systei which assures rapid dissemination of information.

L .

The Colorado example underScoees the need for a reliable - information system
'and monitoring capability in the implementation of "growth centers" which are
planneato maintain ,and increase the social and economic Viability of rural areas,
the 'slowing down of Urbap growth where it is appropriate, and the protection of
prime agricultural lands and other natural' resources.

ALASKA CASE STUDY

I N

Alaska offers an excellent opportunity for tlie application of remote sensing
technology. Therehre many important needs for information on. natural resources
and on land use -- actual and potential -- but conventional means of data acquisi-
tion are difficult andcoitly because of diffictiltyof access to the greater -part
of the state and the lack of communication facilities. At the same time there
are important onshore and offshore resources in Alaska of greatalue to the
Statd'and the nation. . .

.

Growing requirements "for fish', wood`, oil,jgas, minerals, recreation,
,

clean
air and water, while at,the same time maintaining the quality.of the environment,

...

are putting great demands on ,planners in Alaska. Land use planners and resource .,..

managers need file hest data possible.. Remote sensing, from aircraft and from
spacecraft, using most of the capabilities of available sensors would be very
useful now and in the future. 'ERTS.Wata and imagery have proven very useful in

iAlaska. ERTS imagery is available now for all of the state except parts of
the cloud - shrouded Aleutian Islands. The 'joint- Federal-St4te Land Use Planning

Commission and thp Soil tenservation Service of.the U.S. Department of Agriculture
have published a statewi4 set of ERTS mosiacs at 1:1,000,000 scale. The ,

University of Alaska has mosiacs,forjeky. areas, at 1:500,00 scale.. The University

has done.an outstanding job in the research'and.deveiopment.phase, butthere is
now-a need for both operational and extension service., Remote sensing data from
high aft.itudg aircraft are needed nOw. - .

.-
. ,- t

It is the'Panel's opinion that a joint federal -state remote-sensing center

for,Alaski should be estah.lished now to assist the native-village and regional
corporations (established under a federal law),'the state, the federal govern-

ment, and private users in all phases -of land use planning and land,managempnt._

The.reasons are as follows: ' ,

, ...

_ .... . ,
_

.., .

Alaska is one-fifth the size of the conterminous United States,
and has about one-third of the nation's outer Continental shelf.



The state's resources -7 particularly its energy and minerals --
are important to the state and nation:t

i`
Under the provision Of the Alaska Native Claims Settlement Act of
1971, important and exLensive claims of lancLownerihip must be ,

decided within five years. TI1F Joint Federal-State Land Use
Planning Commission assembled and is publishing with the state an
`inventory of the resources of Alaska: The Commission has also
conducted cooperative training prograts on the application of ERTS
data and has assisted in publishing an ERTS.mosaic'of the state:
The Commission could serve as a valuable interface between the
proposed remote sensingcenter and"the user community. The center
s uld provide not only research and ,evelopment but operational ,-

d extedsion or educational services.

.4T rev ew of the state resources and recent developments may be helpful in
undErst 'ing the needs of Alaska. Alaska,is a complex combination of nountains,.
muskeg, . Orest, tundra, glaciers and ice fields, rivers and lakes, islands, and'.

dr ifiords beaches and rocky coast, seasonally bounded by ice7free or ice- choked,
water. It is bordered by an outer continental shelf one and a half times the'
lend area (375, million acresa laid and inland waters). Major oil and gas
deposits exist both onshore and offshore. -Alaska may have from three to eight
times the known oil reservesfound to date in the contiguous forty-eight states.
ThOmineral'resources of the statearealo,yery important:

Alaska is relatiyely undeveloped: At pteet, only one-fourth of the state
falls in local political subdivisions., This situation, however, mill change
rapidly. ,The state will soon be dividedlnto, major areas of native, state, and.
federal ownership. The Alaska Statehood Act of 1958 gave the state the right
to select by 1984 about 1Q4 million acres from the federal public domain. As of
July 1972*Only 14.5 million acres of thii selection hadbeen approved. -The
Native Claims Settlement Act allows native corporations to select approximately
44Allillion acres of public rand; their selection'must be completed,by December
1975. 'In addition, the Act authorized the U.S. Secretary of the Interior to
withdraw up to 80 million acres of"National Interest Lands" for possible .addi-
'tions to the National Park, Forest, Wildlife Refuge, and Wild and Scenic Rimers
,JSystems. He was also authorized to withdraw lands for "public interest." In '

December 1973 the Secretary submitted to Congress (in the proposed Alaska .

Conservation Act) his recommendations -for the 80 million acres to be added to
a four national conservation systems. In addition, he has withdrawn about

60 million acres of "public interest" lands that will be controlled by the .

Bureau of Land Management. ,

The federal and s state governments are in conflict over the withdrawal of
the land and as to what ownership and management systems are best. The interests
of the native corporations are also in conflitt with stone and Sederal interests '

in some areas. In addition, various industry and special' interest groups, both ,

,in the state and the nation, have strong concerns about the'final disposition
of .Alaskan lands.

In this case the Congress, the President, the Secretaries of the Interior

and Agriculture, the Governdr, and the Commission arerthe potentia14'prime users"
of remotely sensed.data. They need the best inventory. and analysis'of Alaskan

2a
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,

resources that current technology can provide to assist them in decision-making
relative to land use planning in the %tate. Thy remote sensing center for Alaska
recommended by the Panel is needed now. "It is the'Panel's opinion that the needed
technical expertise resides in NASA and that NASA should be authorized by Congress
to engage in operational aspects of remote sensing and in the extension or educa-
tional field. The other federal ageficieseinvolved in remote sensing could supply

- *key personnel and other services to assist. The State of Alaska should be a full*
partner to provide sptification of.user needs and to assist, at the state,
regional, municipal, local, and private levels, in interpretation of the data.,

p.
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In the course of its consideration of user requirements and ways in which
they may be better determined, the Panel has'identified four issues common to
all planning useis which must be addressed and resolved by the user community
before decisions may be made on sensor design and information extraction pro-
cedures. These four issues involve the establishment of standards for (1) the
matching of the space imagery grid, with the existing planning grid; (2) the
accuracy of information extracted from data obtained from spacecraft compared
with the accuracy of currently wised data; (3) the categories which are ±equired
fbr the information extraction process; and (4) the map projections in which _
space imagery and present planning data are presented. For each of these, it
will-be necessary for the planning community to assess present standards and,
practices' and to discuLs de4red standards.

ISSUES FOR THE USER COMMUNITY

GRID MATCHING

The grids used by various' segments Of the plaftning ccinhunity differ. For
example, the prOperty.boundaries of the cadastral grid are used at the local
level while political boundaries of counties are used at the, state level.

Prokcessing of data from-satellite observations is most suited to regular gFids --
a matrix of either square or rectangular cells. The user decision needed.oft
grids, therefore, is concerned with how they will be matched and within what
spatial tolerances. If the planning community requires a close match, then the
resolution requirements of the sensor system must be refined, the space imagery
must bo accurately registered with ground control, and, perhaps most important,*

f the data volume Must be substantially increased. For example, let us assume*
that the State of Colorado wishes to prepare and.regul,arly update a land use map
in which the planning grid is ownership boundaries, and the required resolution
is(10 meters. This resolution would require a total of 2.4 billion cells in the
space imagery, a volume of data which would severely strain the computer

, fesources of most states. More importantly, this degree of precision may not
be necessary, sin1t may 'exceedtthe standards of conventional surveys.

A suggested degree of.preciszon is, difficult to identify'at this, time, but -.

a preliminary definition of a grid cell size for statewide inventory is contained
in Table I ,(e.g., 100 m). AVi further example, California land use planners
want 4000 m (ono acre) resolutfdri to assess changes in critical environMenial
areas, but could accept 4-16 fiectare.t10-40 acre) resolution for-,general land use

.

applicatiOns.
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ACCURACY

Accuracy is almeasure of the success of a manual of computer classification
of remotely sensed imagery, expressed as a percentage of the certainty that the
category identified on the image actually occurs at the corresponding point or
area on the ground. Desired accuracy is a critical design parameter for both
the sensor and the classification system.

) In its attempt to assign desirpd accuracy levels to various data categories
and planning problems, the Panel ha become aware that the planning community is
not certain of the accuracy of the data it is now using. The Pariel-believes

that many of these data may have relatively low accuracies (lower than 75 percent).

DATA CATEGORIES

The set of land use categories proposed tiy Anderson et al (see Appendix)
is considered adequateifor land use description at the national level. For

,planning at state, regional and local levels, however, it may be desirable to
have a sotewhaz different set of categories which. are specific to the type of
problem or the characteristics of that particular area. A land-quality classifi-
cation, foi example, 14411 be much more elaborate than the Anderson systemi
Local jurisdictions may wish to include a category for land which is under
development. It'appears that specific sategory requirements such as these could
be accommodated within the Anderson clagsification at Level IV. However, plan-
ning agencies at present use widely different systems and it must be expected Ns
that it will be difficult to arrive at standard categories which will be accepted
by a majority of regional and local planners, especially in critical environment-
al areas.

MAP PROJECTIONSt
Data, sensed from space must be presented in a known coordinate'system or

map projection. The UTM (Universal Transverse Mercator) is generally considered
to be the most suitable projection for large scale maps except at high latitudes.
It is. used for most national topographic map systems.

( The UTM projection and the closely related State Plane Coordinate System
are among the several map projections which are used by planning agencies.
Others are the poIycooic, the Lambert conformal, and local map projections.
These variations in user demands mean either that space imagery mus;be provided
in the projection requested by the users, or the user must convert his existing

.

tspaial data to the ro'ection of the space imagery. The Panel sees consider-

4Io
able difficulties wi el er alternative.

0 . a

REQUIRED STUDY

The:Pan4 recommends that an integrated comprehensive study to resolve
these issues be initiated and completed as, soon as possible. The results of

such a study will be useful for the des' of fut'ure sensor systems, and in

.11- el
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addition will assist in leading,to better recognition of the usefulness of space
imagery in the existing planning process. The study should contain the follow-
ing elements:

A survey of planning grids and the spatial tolerance required .

to match them with space data to the same precision as exists.
in conventional map matching,

.

The determination of accuracy stanaards in data presently used
in planning,

A survey of variations in data categories and map projections,
and

An estimate of the costs and benefits of standardized classifica-
tion systemsrand map projections.

The, Panel makes no recommendation as to what agency should be responsible
for this study except that it should include planning users. Parts of this
study may be incorporated with the user survey .recommended earlier. (Refer to
section entitled "A Plan for Identifying User Requirements.")

Olk
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RECOMMENDED REMOTE SENS I N\ PROGRAM

I

,The Panel recommends a remote sensing program for the next 10 years which
'focuses on three .kty,areas of land use planning:

Monitoring of change in non-urban and critical environmental
areas,

Detailed survey of critical environmental areas and their sur-
rounding land use, and

Land capability mapping.

Users require information, in these areas to satisfy requirements of laws and
executive orders, to idehtify problem areas, and to prepare revisions of compre-
hensive plans.

The Panel believes that if adequate research and developmentistcompleted
in thete three areas, operational programs could begin as early as 1980 and no
later than 1985. Several new institutional arrangements will be required how-
ever, if this program is to succeed.

To provide a context in which to consider more thoroughly the scenarios for
implementation of each of these applications, the Panel hypothesized a remote
sensing system identical to the one conceived by the Information Services and
Information Processing Panel*. For such a system, Figure II shows the steps
between 4the collection of data by'any of several remote sensors, and the ulti-
mate use of information derived from the data to make decisions beneficial to
society.

The process begins with the collection of data by any of'Pseveral remote
sensing systems. Then the data are preprocessed to remove effects peculiar to
the instrumentation, to calibrate thedata radiometrically, and to perform geo-
metric.corrections so that the data confori td a selected map base. The.next
step is information extraction in which parameters of interest.are developed
from the data (e.g., the acreage of a crop is estimated, or the temperature'of
a body of water is determined). Frequently the output of the information .

extraction step is not exactly what the'user'requires and must be converted
before ge can use it to help him make a decison. For example, if the user

*Panel on Infortation Services and Information Processing. Practical Applica-
ofSpace Systems; Supporting Paper 13: Information Services and lnfor

ation Processing. Report to the Space Applications Board, National Research
Couricil. National Academy of Scignces, Washington, D.C., 1975.
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4
wants to know how much area has been converted to urban use from'open space in
the last year, he needs a map of land use now.and land use last year; he must
then compare the two maps. and consider only changes. Further filtering will
yield a map showing changes from open space to urban. The model which performs
this and similar jobs is termedia "user model." Here, the term model means an
ordered set of procedures by which ,decisions are made or remote sensing parame-
ters are converted to information useful to the user. In this cast, the model
is not necessarily a computerized mathematical algorithm, although many user
models could be. The information from the remote sensing system is combined with
other ipformation in the user's management model, from which he makes decisions
intended to be beneficial to society. The existence of a management model is
almost invariably a result of reaction to legislation or pressure from society
to identify and take action on a certain problem.

In the sections that follow, scenarios are,developed for each of the threerx

key areas mentioned in the beginning of this section. A time line (i.e., a
schedule of events) for research and development, transitional, and eventual
operational systems is presented, and critical factors are identified.

CHANGE-DETECTION (LAND USE AND CRITICAL ENVIRONMENTAL AREAS)

The area of change detection consists of the identification of changes in
the use of land of states and regional areas, monitored by particular
federal agencies (e.g., national parks or national forests), and detection of
Change in the condition of critical environmental areas identified by states,or
federal agencies (such as the Environmental Protection Agency). There are cur-
rent statutes which require state and federal agencies to monitor such changes.
Some private groups and local governmental units also monitor changes in areas
under their jurisdiction or of interest to them, and more may be expected ado
so in the future.

It is the judgment of the Panel that the land use planning community will
have a strong need for a system to detect land use changes by 1979. Such a
system will be practical only if it includes the economies Ad speed of satellites
such as the Earth ObserVAtory Satellite (EOS). NASNshould now emphasize programs
'in user edUcation, data geometric rectification, and information handling to per-
mit meeting user needs in 1979.

A schedule for the development of the necessary. spacecraft by the late 19701s
is presented in Figure III. Beginning in the 1974 time frame, the Panel finds
some experimental evidence that the Anderson Level I and most .of Level II (urban
areas excluded) can be fairly accurately (70 to 90 percent) mapped f'rom ERTS-1
data with spectral pattern recognition techniques.

R&D Phase

In the ERTS-2 period, the Panel recommends that emphasis be placed on estab-
lishing routines for the information extraction techniques and improving the
accuracy of recognition through the use of temporal and spatial features in the
recognition process. Examination of the utility of low- and high-altitude air-
craft multispectral scanner (MSS) data for refining classification of Level II
categories, especially in urban areas, and for delineating any required Level III
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data, should parallel the development of satellite data processing techniques.

The current emphasis on funding for collection and interpretation of primar-

ily ERTS data, with less funding for 'collection and interpretation of high- and

Iow-altitude aircraft data (collected in conjunction with ERTS data), should be

changed,in order to promote more orderly land use planning remote sensing system

developMent.' Relatively more emphasis 'and funding shOuld be provided for collec-

tion and analysis of aircraft data.
The geometric rectification techniques being developed by NASA's Goddard

Space Flight Center should be made available in late 1975. These techniques

should be thoroughly exercised, and a capability for similar rectification of

low- and.high-altitude aircraft MSS data should be developed by late 1976.

At the same time, that data XechniqueS are being developed, surveys of

federal; state, local, and private user requirements should be made as recommend-

ed in the earlier section on User Requirements. Federalagency requirements

for information will particularly need to be assessed. In 1977, or after a

federal land use planning bill eventually passes, the transitional phase program

should be designed by a consortium of federal, state, and private users or their

representatives, with NASA participation.

In the 1975 to,1977 time frame, the development0 an information data base
.

should be pursued. Such a data base should be capable of storing ancillary and

remote sensing derived information in a grid format for areas the size of a

4 state or region. This capability will be required by state and federal agencies

in the eventual operational program, and should be exercised and modified in -r

the transitional phase. Eventual users should definitely be on the design

to assure that their requiremehts are served. .

Btginping in 1975, user education will be required todnform, especially, .

the gtate and local users of the capabilities and aspects of Demote sdmsing

-technology: The education process can be accomplished by a combination of the

U.S. Department of the Interior (USDI) Earth Resources Observation Sys (EROS)

Data Center instruction) intensive seminars in various states conducted by NASA

or Other federal agencies, and education by universities and research groups in . .

remote sensing. If users are to be convinced of the potential of remote sensing

technology, the results of a complete change detection exercise, including the

information'data base results, shbuld be presented before the itplementation

of the transitional phase.
_

it
rh anthis advanced ikD stage, oincident with thee life time of ERTS-2, NASA

should supply.preprocesSed data investigators working closely with state and

fe 1 agencies. The Pane) considers it appropriate that NASA, with perhaps

so e s ate and federal suprt, fund the processing and analysis of data: The

`d ould be-evaluated by the4users and NASA.

Transitional Phase

4

In the transitional phase (1977 to 1979), the updated extractive processing

capability, theinformation data base development, anduser requirements should

be integrated for a semi- operational test of the change detection:and monitoring

technique. the Panel red!bmmends that several large test Sites,,perhaps one in

each physiographic regionsof the U.S., be used. The concept of a regional data

processing center should be exercised at this time, since this 1,§ the probable

data dissemination method of the ultimate operational system. With cooperation

"between centers, the adequacy of the data analysis procedures devised in the
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RW phase can be tested. Data for the transitional\phase experiments will be
supplied by the ERTS-C or EOS -A satellite system and by low- and high-altitude
aircraft as required to permit assessment of Level II land use patterns within
urban areas.

Towlad the end of the transitional phases a first capbility *rational
system could be defined. Further education of potential state and federal users,
using the results of the transitional' phase (which should include cost estimates
of processing), should result in the identification of many more potential users.

Operational Phase

Toward the end of the transitional phase in 1979, the clear perception of
the roles of satellite and aircraft sensors and the required data processing.
capabilities will permit 'a definition of an initial operational system. The
operational system components cannot be specified in great detail at this time,'
but the, collection system will probably consist of aircrafiw.. polar and (later)
geosynchronous'spacecraft, and the users' ground and auxiliary data cola ection
procedures. PrOcetsing will probably take place partly in central facilitiesAlf
and partly in regional facilities. Users will require a variety of intermediate
products as well as the final remote sensing information. The operational s stem
should include the means to permitthe user to check the' accuracy-of the inal .

information'prodqct delivered aid to assure its reliability. The inst utional
arrangements for the optrational phase are not clear now, but it seem' clear .

,that the bulk of the cost will be born& by the users.
The Panel believes that a change-dete on'system could be. ope tional by

1979, using data from the EOS-A satellit- low- aifd high- altitude craft
sensors. Aslater'sensor systems capabil tieis such as thg,*ndhronous th.

,Observatory Satellite (SEOS) become avail le, e proper role for these s
within the change-detection system should be de vaned. We expect that,the impact . ti

of SEOS on change-detection capability will be p' tive and beneficial because"
of its ability to view areas under cloud-clear cons tions at different times-of:
the day and frequently, if necessary. For example, the monitoring ofitoastal=
zone areas on schedules related'to the tidal cycle would be well served by a.SEOS
system. The Pael feels that the capabilities of SEOS'should be integrated into
the chahge-detection program structure already defined for the polar orbiting .

spacecraft sensors and aircraft sensors, and this progress will justify additional
research and,modification on the i formation data base -.

PERIODIC INVENTORY OF CRITICAL ENVIRONMENTAL AREAS

This application consists of the detailed inventory of critical environ-
mental areas (CEA) on a periodic basis or as required if the change-detection
system indicates a change in such an area. Typical state and. anticipated federal
legislation require frequent monitoring of critical areas as well as surveys of
changes by state and federal agencies. If periodic inventory of such areas is
to be accomplished by techniques other than aerial photosEaphy -- an expensive
technique -- considerable development of remote sensing Tbchnology will be
required. Periodic inventory of CEA will undoubtedly require a mix of aircraft
and spacecraft sensor data different from the change-detection application
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-because higher resolution is needed and area requirements are more restricted.
Because of the varying character of different critical environmental areas,
greater flexibility in the information extraction phase will be required for
Change detection. While an unsophisticated user model was required for change
detection, a set of much more sophisticalbd user models may be required for
obtaining the CEA information.

Since ihe criteria for defining critical environmental areas are generally
. not stated in legislation, the definitions used by state 'and federal agencies

vary considerably. However, these agencies have mutually agreed upon certain.
.f critical environmental areas, as follows:

Power plant environments,

Goal and oil-shale surface-mining areas,

Coastal zones,

National and state parks,

Key wildlife habitat areas,

Hazardous areas (geologic, fire, flood),

40.

1,

Oil pipelines, refineries, and ports, and

Agriculture,

The state-of-the-art in remote sensing assessment of the areas listed above
varies. Power plant sites have been monitored with low-altitude aircraft, pri-
tarily to assess heated water effluents. Coal strip-mining areas have been
monitored successfully from ERTS, but greater spatial resolution (10 to 30 m)

-seems to be required for a detailed inventory of activities. Coastal-zone wet-
land areas have been surveyed with low-altitude aircraft, and wetlands and
toastal water quality have-been monitored from ERTS. Detailed species recogni-
tion is,necessary for assessing coastal wetland quality, and this requires
resolution on the order of 10 meters. Yellowstone National Park was surveyed
by ERTS-1, and preliminary vegetation and yther resource maps prepared. More
-detailed assessments, especially to assess wildlife habitat and recognize impor-
tant conifer communities.(e.g., white hark pine) require both higher spatial
resolution and spectral bands different from those on the ERTS system. Wildlife
habitat areas have been surveyed from low altitude aircraft and to some extent
from spacecraft. In many cases, the size of many of the critical wildlife
habitats is sthall (100 to 200 km2) and a, resolution of about 10 meters is required.
These areas have been effectively surveyed in CalifornitOth high-altitude infra-
red photography. The surrey of hazardous areas (geologicfire and flood) and
of oi,1 pipelines has only recently started, and considerable work is required.
Agricultural lands h ve been surveyed by low-altitude aircraft for many years and

now by ERTS.
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Schedule for Research and Development of Periodic Inventory Capability

The schedule for developing capabilities for periodically monitoring Certain
environmental areas (e.g., power-plant impact, coal and oil-shale mining, coastal
zones, national and state parks, agricultur 1 lands and wildlife habitat areas)
is more amenable to quantification than for monitoring other areas, such as
geologic hazards and oil pipelines, because more research and development
work has been done. All of these activities are viewed as in the R&D stage t
MOW. Additional work is needed to identify the spectral band required and to
define the necessary information extraction techniques. Because the trend in
future satellites (e.g., EOS) is toward spectral bands optimized for those appli-
cations width are closest to the operational stage, R&D work on these areas
should proceed using data fpm aircraft MSS, where data from a number of spectral
bands may be obtained. Indeed,, the 'relatively small extent of many of the criti-
cal areas and the generally high resolution requirements may justify use of multi-
spectral scanners in high altitude aircraft as a part of the operational system. 1

The schedule for development of each of these capabilities calls for con-
tinued R&D,with low- and high-altitude aircraft, ERTS, and EOS-A;.with emphasis
in the 1980,time period on the definition of operational system requirements.
R&D work on potdhtial EOS -A sy;.tems is justified because of the need for the high
resolution pointable imagery (HRPI) devices potentially capable of providing the
1Q -meter resolution that these applicAions require, and the.need to determine
spectral bands, spatial resolution, and radiometric precision optimized for land

k
use planning applications to guide EOS -A thematic mapper* development.

R&D Program

An R&D program is suggested to accomplish the considerabke work yet to be
done in critical environmental areas. The gene hl siate-4-the-art of assessment
of critical environmental areas is such that four important requirements must be
determined: (1) some estimate of. the update cycle needed to monitor impact of
new facilities (e.g., power plants,*pipdlines) on the environment, (2) the pro-
vision for 10-meter resolution and a determination'of the fraction of the work
that could be done at coarser resolution, (3) the spectral bands required for
each assessment function, and (4) details of the information extraction procedure.

Because of the expected modest size of critical areas, and the requirement
for about 10-meter resolution, there seems to be,a need for both low- and high-
altitude aircraft MSS. High-altitude aircraft MSS, if available by late 1976,
could provide 10-meter resolution at swath widths nearly comparable to HRPI,
with more spectral channel flexibility (if a modular stanner were used) in a time
frame two years before HRPI'might besame available on EOS-A.

Geometric rectification techniques should. be developed, at least for the
high altitude aircraft data, to permit the registration of these data with those
of other sensors in the information data base discussed in the section on Change

*A moderate-resolution multispectral scanner being planned for possible use on
the EOS-A
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,Detection. This development should also be undertaken because .there is a reason;
able expectation that aircraft monitorinkoi. some of the environmentally critical
sites might prove to be the most cost-effective operational solution.

f

V

Institutional Arrangements

The Panel suggests thatfor these R&D activities, NASA, other federal ."
agencies, and state governments, where appropriate, share the costs of research,
with NASA and'such federal agencies as the Environmental Protection Agency and
the Department of the Interior bearing the brunt of the costs. As operational
requirements are defined, the federal ind state agencies should be canvassed in
accordance with procedures described -fh the section oklAnticipited Information
Requirements.

Transitional and Operational Phases

Because of current uncertainties in the length of the R&D program caused
by limitations of available aircraft sensors, geometric rectification, and pro-
gram funding, beginning pointi for the transitional and operational phases are
difficult to identify. However, if optimum benefits are to be derived from
an inventory of coal and oil-shale surface mining, at least a quasi-operational
capability must be available before extensive development of the western oil-
shale deposits begins. Similarly, an oil pipeline and refinery monitoring
capability should be available before Alaskan pipeline construction is far
advanced. Since many states hive coastal-zone Aogislation mow, the need-for
periodic survey of coastal areas exists, An anticipated national Imtlands'survey,
to be conducted by the Fish and Wildlife Service of the Department of the Interior
in the next five years, further encourages the research in thii area.

'

LAND CAPABILITY INVENTORY 4

The Panel expects that major improvements in land planning would occur
if better estimates of land capability, suitabili capacity were available.
Initial examples of land capability_ information ar found in(the Soil Conservation
Serqte soil-capability index, which provides land use planners with some indica-
tion of the suitability of given sites for agriculture, and measures of the suit-
-ability of sites for residential deVelopment based on such criteria as the
engineering properties of soils and potential for 9n-site sewage disposal. At
present, such classifications have been developed-and applied to most agricul-
tural and federal forest,range, and park lands. These schemes ate relatively
simple, however, and allow little detailed planning. Classification systems foi'
urban uses have been developed and applied to areas around several cities, but
coverage is incomplete, and classifications vary considerably. The Panel believes
that an R&D program should be instituted to define the extent to which reniote-
sensing systems can contribute to the process of inventorying land capability and
tb define the sensor system, information 'extraction system, and user model
requirements of such systems.
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The definition of land capability for a given use is a multidisciplinary
problem. It involves such disciplines as'geology, geomorphology, hydrology,
pedblogy, plant and animal ecology, climatology, agronomy, forestry, range man-
agement, civil engineering, architecture, and landscape architeCture. Specialists.,
in these disciplines, together with land use planners and technologists, will
comprise a team whose goal is the development of information extraction tech:
niques and user models to derive land-capability information. from the remote
sensing data.

CRITICAL FACTORS

The previous discussions have mentioned, severe critical factors that
iiffluence the use of remote sensing data for land u e planfling. Ii this section,
recommended actions concerning these critical factors are given:

Development of operational geometric rectification capability
by NASA's Goddard Space Flight Center by late-1975,

Development of "high-altitude aircraft multispectral scanning .

capability and data rectification techniques to assist in
research on critical environmental area and land capability
inventory and perhaps as part of an eventual operational system,

Development of an information data base to store information
pertinent to the land use planning proCess derived by both
remote and nonremote sensing,

InVolvement of ultimate users.inthe transitional phase of pro-
gram development, accompanied by the development of regional
analysis centers to assist in theeinformatidn extraction task,
and

Resolution-of the issues of gridmatching, accuracy, data
categories, and map projections-
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SPACE SYSTEMS

6

.

Invthe R&D, transitional, apdopergtional phasesof the land'use change-
detection pkogram, the Panel sees'a need for satellite systems of at (east two
sorts -- high-inclination systems (passiblysun'syrichronous) and geosynchronoUs.
The Panel that ultimately an operational satellite to monitor changes in
land use WI.J.1 be needed. In the interim, however, data frail R&D satellites can
be used for-System development and prototype operation's.

for syitem development, datafrom.the ERTS, Etts-*AAndSEOS satellites can
be used. -These data may be supplemented by data from aircraft sensors as
required for assessment of urban Areas. For research in the ppriodi inventory
pf.eritical environmental areas, considerably:higher resolution, smaller-area
coverage and iieater flexibility of spectral bands willoTequite eiter,high-
altitUde aircraft MSS capabiiity, or smile modular MSS in a shuttle sortie pr
spacelab mission.' Microwave sensors and modular MSS may be required ithe
spacelab and im high-aItitudiaircraft for research or land use capability
inventory... 4 It

.

4 oil '

:. r. RTS TIME FRAME . k
' A

4.

ERTS -2 or ERTS -C data c blrusea to ASsist.in.the design of a uasi-
operational test of the ch ge.detection system. Forilanitoring,cr ticaL.environ-
mental areas, studies to d e indicate that the e-spatial reSoldtian and spectral
band location are marginal or manx cases. The possibility of using temporal
variations in terrain sign, es as an aid to.automatic'recognitian of terrain
objects remairiste be *roughly aSe.S.sed._* . _.,

; . 4E
_ -
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_.,- _ - _,
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Data frog the thematic mapper and from the high resolution paintable ibager
planned tri.E0S-A. could too ,used quasitoperational (transitional phase)-
demonstr n of -the change4Vectiori sys't'em. At,the sane time, data from the
thematic mapper (with dhaut seven-spectral:bapds):and HRPI potentially wit
10-meter resolution) could be used to advantage in research on periodic
merit of critical environmental areas and.resear-ch in land inv tory.
Low- and.high-altitude aircraft multOpectral scanner, dati may still be equired
for both-research and operational uses.

, .
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It is clear to the Panel that space systems will, il,play a major role in the-
ultimate operational land use mapping ind change 4.etection.Sstea.. Although the,
exact roles cannot be defined at present, atelIiteS iii h both high inclination

' and geosynchronous orbits are required.. SOmespiet'hod Of.geitini these satellites
to or4t is required. 4uttle stems could emplabe both operational high inclina-
tion and geosyhchronous land usethange-detection satellites as soon as the early

. 1980s. However, potential problems exis in not haVing a shuttle high inclina-
tion launch captbility pefore .1982 becaus f the' development schedule of the
'Western Test Range. The Panel feels that some high inclination launch capability
shoUld be provided in the early 1980's. Gaps in this capability, or the neces-
sity of using ino're expensive expendable b6osters, may delay the deployment of
operational change-detection satellite systm.

.

Even when aA operational change-detection system exists, continued upgrading
of the system will be needed. Par qample, detailed inventory of critical
environmental areas and land capability analysis will be added as these capabil-
ities are developed. Advanced experiments in these areas could be profitably

'...Aerformed usi'g specialized or prototype operational sensors in a spacelab: The
use of microwave. sensors (both passive and active} to provide all-weatherterrain,
'mapping capability and .potentially.to. assist in the delineation of land capability
could'be assessed on a spacelab mission. "

1 If an cperationa change-detection program is to be reliedupon in the early
1980's continuity of service must be assured. The availability of a shuttle
capability to launch replacement satelliteS, with the potential to calibrate and
repair existing ones and to fill in critical data gaps, should not be minimized.

.4
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FINDINGS AND RECOMMENDATIONS

414

FINDINGS

Because of increased intensity of land use planning, and the potential for
greater awareness on the part ofl'and use planners oftthe potential usefulness
qf nemote sensing, the Panel concludes that remote sensing systems will be useful
in future land use planning efforts which are likely to be required because of
expected' legislation.

.

The Panel further concludes that information from an aircraft-spacecraft
remote sensing change-detection system, augmented in later stages by capabilities
to periodically inventory critical environmental areas and to survey land capabil-
ity will be essential to land use planning by 1985:

The Panel concludes that remote sensing can act as a pa and prod in the
planning process because of the repetitive nature of the inf ation provided and
its rapid availability.

The Panel finds that although many land use planners are aware of the pos-
.

. Bible usefulness czf remote.sensing, few have been able to exploit its potential.
The Panel concludes that present methods for assessing the requirements of

users for remote sensing data and information are inadequate to properly, design
and implement transitional and operational phases of the Panel's proposed change

', detection, periodic inventory, and land capabilftysystems.

The Panel estiMates that, if conventional means of data gathering are used,
about $250 million per year will be.spent in the next decade collecting informa-.
tion for nonfeddral agencies. The Panel helitves its proposed remote sensing
systems could supply more up-to-date information at significantly lower costs.

REXIMMtIZATIONS *

1. 7he Panel Acommends that three systems be developed to provide i.nfor-
nation essentl for land use ploAming, as falows:

r-

a. "sit--47uvzge-detection syitem for monitoring *land ude and

critical envirinmental areas, to 'be operational by 1979,

b, A syttem for .periodic detailed inventory` of critical

environmental areas, to be operational by 1983, and

47 .
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c. A system for detailed land capability inventories, to
be operational by 1983.

2. The Panel recommends that NASA take the following specific actions:

a. Provide a high-altitude aircraft multispectral scanner
(MSS) capability to accelerate the development of periodic
monitoring and land capability ingentory systems,

b. Provide geometrically and radiomArically corrected
digital tapes ofERTS-2 and ERTS-C data by the end of
1975 to permit development of the change detection system
by 1979, and

c. Vigorously.pursue a program ofdocumentatwn of computer
information extraction software and specification of
special purpose computer hardware.

3. The Panel recommends that a program be estabZished to make available
to the public, on a regular basis, information on the current useof land in the

'state, region or local area and that this be done using an effective media such
as color television.

4. The Panel recommends that studies be made, to resolve issues in the user
community concerning grid matching, accuracy, data categories and map projections.i!

5. It is recommended that the capability be developed to provide users with
information products processed to varying degrees, and with means to verify the
accuracy of the products.

6. It is recommended that joint federal-state remote sensing centers be
established on a regional or state basis to provide area-oriented research,
development, operational, and extension service to users, and, because pressing
requirements and unique opportunities exist-in Alaska, that a prototype remote
sensing center be established th e immediately. Consideration should also be
given to another prototype in a s to where needs and institutions are more firmly
developed, such as in California.

7. The Panel recommends that NASA be authorized by Congress to provide
operational and extension (education) services.in the data extraction and utiliza-
tion area to both public and private remote sensing-users.

4

8. It is recommended that arrangements be made wilhout,delay for users to
participate in the planning process, and that their participation take the form
of providing information requirements rather than sensor design parameters.

9. The Panel recommends that a complete survey of all potential users be
conducted to determine area coverage, grid size, update cycle, cakd required
information, and that the survey be repeated at appropridte intervals to assess
changes in user requirements.
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10. The Panel recoup:ends that teams of users' representatives and technolo-
gists periodically review user requirements and convert them into system parameter
definitions. -

11; The Panel recommends that any reconsideration of hational land use
legislation include specific provisions for the use of remote sensing in the data
acquisition process.

4

4
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APPENDIX

A LAND-USE CLASSIFICATION SYSTEM

FOR USE WITH REMOTE-SENSOR DATA*

For many years, agencies at federal, state and local governent levels have
collected land use data, working for the most part independently and without,
coordination. Too often 'this has meant duplication of effort Or acquisition of
data for a specific purposewhich were of little or no value for a similar pur-
pose a short time later. Attempts to resolve these problems in the collection
and handling of different types of data have led to some reasonkly effective,
though not perfect, solutions, as evidenced by current programs in soil surveys,
topographic mappigg, collection of weather information and the inventory of
forest resources.

Remote sensing techniques, including conventional aerial photogtaphy, can
now be used effectively to complement surveys based on ground observation and
enumeration so that a timely and accurate inventory of the current use of the
nation's land resources is possible. At the same time, data processing ,-
techniques permit the storage of large quantities of detailed information that
can be organized in a variety of ways to meet specific needs. Developmdnt and
acceptance of a system for classifying land use inforthatton, obtained primarily
by use of remote sensing techniques but reasonably compatible with existing
classification systems, is urgently needed.

Designing a Land Use Classification System for Use with Remote Sensing Techniques

There is no ideal classification of laud use and it is unlikelk that one
will ever be developed.. Different perspectives in the classification process
and the process itself tend to be subjective. Land use patterns change, as do

*Abstracted from "A Land-Use Classification System for Use with Remote-Sensor
, 4ta," James R. Anderson, Ernest E. Hardy, and John T. poach for the Inter-Agency
. Steering Commitee on Land Use Information and Classification, U.S. GeOlogical
Survey, Circular 671, Washingto, D.C.., 1972.

.

51

IND



demands for the nafurk resources which affect development of land use patterns.
Each land use cla4sification is made to suit the needs of the users and few users
will be satisfied 'with an inventory that does not meet most of their needs. In
attempting to develop a classification system for use with remote sensing techni-
ques that will satisfy the needs of the majority of users, certain guidelines or
criteria for evaluation must first be established.

"Land use" is defined as "man's activities on land which are directly re-
lated to the land." Some land use activities can be directly related to the type
of land cover; for instance, farming can be inferred from planted corn. Other
activities, especially recreational activities, can be related to land cover by
use of remote sensing techniques only with difficulty; for example, hunting can
not be directly inferred from land viewed as forest, range or agricultuiak. Land
coveris therefore the basis for categorization at the first and second levels
end the activity dimension of land use for the third and fourth levels.of cate-
gorization.

A land use classification system must allow for the classificationof all
pirts of the area under study and should also provide a unit of reference for
frach land use. A system'for use with orbital imagery should meet the following
criteria:

1. The minimal level of *curacy in the interpretation of the
imagery should be about 90 Obrcent.

2. The Accuracy of interpretation foY the several categories
should be about equal.

3. Repeatable results should/be obtainable from one interpreter
to another"and from one time of sensing to another.

4. The classification system should be usable or adaptable for
use over an.extensive area.

5. The categorizatiOn should permit vegetation and other types
of'land cover to be used as surrogates for activity.

6. The classification system should be suitable for use with
imagery taken at different times of the year.

7. Effective use of sub-categories that can be obtained from
ground surveys or from the use of larger scale or enhanced
imageryshould be possibre.

8. Inter-relation of categories-Must be possible.

9. Comparison with land use information compiled in the past
or to be collected in the future should be possibre.

10. Multiple-use aspects of land use should be recognized when
possible.
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In the use of this proposed classification system, an accuracy in inter-
pretation may be attained that will make the information comparable in uality
to that obtained in other ways. For many users of land use information the
accuracy of interpretation at the generalized first and second levels i satis-
factory when the interpreter makes the correct interpretation 85 to 90 p rcent
of the time. Greater accuracy will generally be attained only at much :her
costswhich'may not be justified for the purposes for which the informat n is
obtained.

The accuracy ultimately attainable at each level of the'classificat n

system will in large part be determined by the capabilities of the sensor ._ At

present, the capabilities of aerial photographs at scales of 1:50,000 to :20,000
or larger are well known. There has been limited experience with imagery : :t
scales between 1:50,000 and 1.120,000 and essentiglly no experience with i agery
at radios of less than 1:200,000. Experience in learning how to extract i forma-,
tion from the commonly used 1:20,000 imagery, however; indicates tHat what= er
the present ability may be, it will improve.

There have been a few major developments in automatic and semi-automat c

equipment for interpretation, but for the most part, thestye still experi n-
tal and there is very little expertise in their use. Thus classification of
latd use,from imagery will remain a visual.interpretation task for some time
will only gradually become a semi-automatic or fully automatic procedure.

The kinds and amounts of land use information that may be obtained from
different sensors depend on the altitude or the resolution of each. There is
little likelihood that any one sensor or system will produce good information a
all altitudes. It would be desirable to evaluate each source of remote sensing
information and its applications solely on the basis for the qualities and
characteristics of the source. However, it is common practice to transfer the
data to abase map, and no.matter what the guidelines, it is difficult to use a
)base map without. extracting some additional information. Topographic maps ton-
tain an abundance of information and even road maps or a detailed city map will
contribute detail beyond the capabilities of k-the remote sensor image employed.

The land use classification system described herein has been developed on
the assumption.that differtnt sensors will provide information for different
levels of classification. In general, the following relations are anticipated
between classification level and source of information:

.

Level I Satellite imagery, with very little
supplemental information

Level II High altitude and satellite imagery
combined with topographic maps

Level III

Level. IV

Medium altitude remote sensing. (1:20,000)
combined with detailed topographic maps
and substantial amounts, of supplemental
information

Low altitude imagery with most of the
_infofmation derive3 from supplemental
sources
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Description oT Classification Leyels

Satellite imagery from ERTS-1 and ERTS-2 will generally be prepared for
users at a ratio of 1:1,000,000. At this ratio, 1 centimeter represents 10
kilometers (1 inch = -.016 miles). Even if information is generated by trans-
ferring data to much larger scale maps, only a general classification based on
major differences in land cover can be made. This would also be true for
imagery at ratios up to 1:25,000 and Level I would be appropriate for these
sources also.

Level II units of classification are based'on retrieval from imagery at a
ratio of about 1:100,000 (1 cm = 1 km; l.in = -., 1.6 mi). Information can be
transferred within reasonable accuracy to fairly detailed maps, including the
U.S. Geological Survey's 1:24,000 topographic maps, and a substantial amount of
supplemental input can be obtained. The greater detail will allow classifica-
tion on the basis of more specific uses of land rather than only nine major
types of cover of Level I and the complexity of the inventory can be increased.

The categories proposed at Level II cannot all be interpreted with equal
reliability. In parts of the United States, some may be extremely difficult
to interpret from high-altitude aircraft imagery alone. Rather than distort the
categorization and so reduce the number of useful applications, it seems pref-
erable to suggest that additional steps be taken to obtain a satisfktoiy
interpretation. Conventional aerial photography and sources of information
other than remote sensor data may be needed for interpretation of especially
difficult areas. On the basis of previous tests, it may be assumed that the
cost of using such supplementary information can be held to reasonable-levels.

Examples of the classifications of land use made at Levels i and II follow:

Level I Level JI

01. Urban and Built-Up Land
Land 01. gesideAtial

02. Commercial and services
03. Industrial
04. Extractive-
05. Transportation, communications and

at utilities
R6. Institutional
07. Strip and clustered settlement
8. Mixed

. Open and other
02. AgriCuLtural Land

01 Cropland and pastute
02. Orchards, groves, bush fruits, vineyards,

and horticultural areas
03. Feeding operations
04. Other

03. Rangeland

01. Grass
. 02. Savannas (palmetto prairies)

. 03. Chaparial
04. Desert shrub \
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Level I (continued) Level II (continued)

04. Forest Land 01. DeciduouS
02. Evetgreen (c9niferous and other)
03. Mixed

05. .Hater

01. Streams and waterways
02. Lakes
03. Reservoirs
04. Bays and estuaries
05. Other

06. Nonforested Wetland '16=

01. Vegetated
02. are

07. Barren Land

01. Salt flats
02. Beaches
03. Sand other than beaches
04. Bare exposed rock
05. Other

08. Tundra

01. Tundra
09. Permanent Snow and Icefields

01. Permanent snow and icefields

At Level III, substantial amounts of supplemental information would be_used
in addition to remotely sensed information at ratios of 1:40,000 to 1:15,000.
At a ratio of 1:24;000, 1 inch represents 2,000 feet and information can be
transferred 'directly to.the 1:24,000 topographic maps. Surprisingly detailed
inventories may be undertaken and most land uses, except those of 14pr),Lcomplex
urban areas or throughly heterogeneous mixtures, can be adequately located,
measured and coded.

Level IV of the projected classification would call for much more supple-
mental information and remotely sensed dataat a much larger scale.

Levels III,and IV are cloSely related to regional requirements; therefore,
no examples of these classification requirements are given. .
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